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18. Plasma human
Immunotherapy
Indirect fluorescent antibody, .

19. treated were subse tly found to have had bacterial sepsis rather than LF; one
died. The other four cases rvived; none was confirmed to have LF by serological tests.
Virus isolation was not attemp ed in any, so that the diagnosis remains in doubt in all
these instances.

Appropriate investigation of the efficacy of LFIP and ribavirin will require more
rapid diagnosis than is at present possible in Liberia. It is hoped that rapid diag-
nosis will be achieved with the use of enzyme-linked immunosorbent assay for viral
antigen which has been developed already, and which will likely be field-tested in
Liberia in the coming year.
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Summary

Investigations of Lassa fever (LF) in Liberia continued In the
first year under contract DAMDl7-85-C-5189. The ultimate objectives
of the program include the collection of Lassa Fever Immune Plasma
(LFTP) units and forwarding the majority of the plasma to the U.S.
Army Medical Research Institute of Infectious Diseases (USAMRTID),
and ultimately, therapeutic trials of the plasma and comparison of
its effectiveness with ribavirin, an antiviral agent.

Plasmapheresis was conducted at Curran Lutheran Hospital
(CLH), and increasingly at Phebe Hospital (PH) with 255 units
collected in all; of these, 189 were forwarded to USAMRIID. Three
donors were found to be carriers of Hepatitis B surface antigen
(HBsAg) and will be excluded from future donations. An LFIP unit
from one HBsAg-positive donor was forwarded to USAMRIID before the
presence of the antigen was noted, and will be discarded there.

The bulk of clinical investigation was carried out at CLH and
PH. Twenty-four cases of LF and four of possible LF (PLF) were
diagnosed among 120 febrile patients treated at CLH, and seven cases
of LF and three of PLF among 252 patients at PH.

Passive Immunotherapy was attempted in both hospitals. Three
of six confirmed LF patients treated at CLH expired; they were all
pregnant. At PH two of the six patients treated were subsequently
found to have had bacterial sepsis rather than LF; one died. The
other four cases survived; none was confirmed to have LF by
serological tests, and virus isolation was not attempted in any, so
that the diagnosis remains in doubt In all these instances.

Appropriate investigation of the efficacy of LFTP and
ribavirin will require more rapid diagnosis than is at present
possible in Liberia. It is hoped that rapid diagnosis will be
achieved with the use of an enzyme-linked immunosorbent assay for
viral antigen which has been developed already, and which will likely
be field-tested In Liberia in the -oming year.
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FOREWARD

For the protection of human subjects the Investigatos have adhered to
policies of applicable Federal Law 45CFR46.
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Introduction

The present investigation follows earlier work with Lassa
fever (LF) in Liberia. During this time the incidence of LF in
several Liberian hospitals, the prevalence of Lassa virus antibodies
(LVA) and the collection of Lassa fever immune plasma (LFIP) units
indicated that intensive and controlled therapeutic trials might be
productive.

Lassa Fever was first recognized in Liberia in 1972 in an
outbreak at the Curran Lutheran Hospital (CLH) in which 11 cases were
identified. Four of them were among hospital staff members, and
resulted in four deaths, including two in the staff, one of them an
American nurse (1,2). Subsequent investigations demonstrated a high
prevalence of LVA among hospitals staff members throughout Liberia
(3,4), and that LF was the cause of between 10 and 20% of illnesses
among febrile patients admitted to several hospitals In northwest
Liberia (5). A group of convalescents was found willing to accept
plasmapheresis and donate plasma, and LFIP units were obtained. Many
were sent to the United States Army Medical Research Institute for
Infectious Diseases (USAMRIID), and some were retained in Liberia for
treatment of patients there.

During the course of investigations at USAMRIID it was found
that high titers of neutralizing antibodies (NA) did not develop
until several months after the onset of infection (6). After the
first few months of plasmapheresis in Liberia convalescents were
approached for donation 6 months or more after their recovery from
LF. A relatively high proportion of donors were found to have titers
of NA as defined by the Log Neutralization Index (LNI) high enough to
be considered therapeutic.

Therapeutic trials of LFIP were not conclusive. Because of
the limited amount of plasma available only those patients considered
to be the most seriously Ill were treated, so that there were no
.approprIately randomized controls. There did appear to be a
beneficial effect in some patients in whom plasma infusion was
followed by sudden improvement in the clinical status, an outcome
noted as well In some other clinical studies of LFIP (7,8).

In addition to the limited supply of plasma, two other factors
confounded attempts to Investigate the efficacy of LFIP. In Liberia
LF has a relatively low mortality of about 5% among non-pregnant
adults, so that. a very large number of patient-; would have to be
aisembled in order to demonstrate the value of treatmeut as compared
with no treatment, if ourvival of the patients were to be the
criterion of success. The clinical course of LF in Liberia iL too
vari able to permit clear-cut determinations of efflcacy to be made

from the course of illness alone. The other factor was that the
laboratory diagnosis of LF was being made too late to permit
treatment of all and only LF case,;. Serological d],ayno:ii: can only
be made by complir Ion of titer,; of specimens taker, over the cour ,e of
several days, and virus isolation can only be performed in -i
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containment laboratory such as that at USAMRIID. Some cases are
missed by clinical diagnosis alone, and other fevers, not yet clearly
defined, often lead to immunotherapy of patients later found not to
have LF.

The solution to the first question, that of a criterion for
determination of therapeutic success, may be solved by measurement of
the LV viremia during the course of treatment. In the course of the
earlier Investigations, ultrafreezers were installed in the hospitals
where treatment will be undertaken, and it is hoped that virus
activity will be maintained to a degree sufficient to permit the
comparison of virus titers before and after treatment. The issue of
rapid diagnosis will likely be solved by the development of an enzyme-
linked immunosorbent assay (ELISA) (9) that will permit diagnosis
within hours of the patient's admission to the hospital.

Another potential therapeutic modality is the use of
ribavirin, an antiviral agent which has been found successful in the
treatment of LV infections In monkeys (10) and in humans (11). Thus,
in response to a request for a proposal from the U.S. Army Medical
Research and Development Command (DAMD17-84-R-0099, issue date: 1 Aug
1984) we proposed an investigation of the comparison of LFIP and
ribavirin in the treatment of LF, and contract DAMD17-85-C-5189 was
awarded to permit investigations to this end. K

Activities

Management and most of the conduct of the investigations in
Liberia are the responsibility of Mr. J. E. Yalley-Ogunro, Field
Tnvestigator and Resident Head of the Lassa Fever Control Project of
the Liberian Institute for Biomedical Research (LIBR). In August,
1985, he traveled to CLH to conduct plasmapheresis, and returned for
the same purpose in October and December, 1985, and March, May and
June, 1986. In October and December, 1985, and in April and June,
1986, he traveled to the other field station at Phebe Hospital to
conduct plasmapheresis. At both sites he conferred with the
laboratory workers who are part of the investigative team, reviewed
their records and checked their procedures, and returned to the LIBR
with patient sera they had collected.

At the LIBR Mr. Yalley-Ogunro tested the sera by means of the
indirect fluorescent antibody (IFA) test. For much of the year he
was unable to carry out: testing because of difficulties with the spot
antigen slides supplied to him by USAMRIID. It appears that the
commercial supplier of the sldes on which LV antigen in cell culture
is deposited had furnished USAMRIID faulty slides. New antigen
prepared on slides from a different supplier was sent to him in May,
and he then was able to conduct the tests which had been delayed for
most of the year.

During a vacation trip to the United Kinydom and the United
St-ites in December and January Mr. Yalley-Ogunro visited USAMRIID for
3 diys . WhLn the inves.tiga torn there had see, his competence,
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USAMRIID requested that we request funds to permit him to work there
for 3 to 6 months during the summer. Because of limitations of
funds, and the need for Mr. Yalley-Ogunro's services In Liberia, the
period at USAMRIID is being limited to 3 months. During this time,
he is to become familiar with the ELISA test and carry out several
serological studies of sera which have been stored there to assist
in elucidating some of the other causes of febrile illness occurring
in northwest Liberia, fevers that confound the diagnosis of LF.

Andrew K. Cole, M.D., lives in the town of Kolahun about 100
miles to the northwest of Zorzor, where CLH is located. Dr. Cole has
been working with Mr. Yalley-Ogunro to determine the prevalence of LV
infections in villages in that region (11,12). He is responsible for
supervision of the Tellewoyan Memorial Hospital in Voinjama, the
county seat of Lofa County in which Zorzor and Kolahun are located.
He is Instructing the staff In the diagnosis of LF arid is preparing
for investigations to be conducted in that hospital, once adequate
refrigeration is available. A goal of his during the remdinder of
the project will be to determine the incidence of LF in the region
about Kolahun, an area which will be appropriate for field studies of
a LV vaccine when one is prepared.

Dr. Mark H. Monson, Chief Medical Officer at CLH, is not
funded under the Contract. However, he furnishes invaluable help to
the clinical aspects of the investigation, and will be responsible
for actual patient management during the therapeutic trials. He was
on leave in the United States, but returned to CLH In September,
1985, and has been reviewing the clinical experience accumulated
during his absence.

The principal investigator, Dr. John D. Frame, visited Liberia
In October, 1985, and May, 1986. Much of his time is spent in
coordinating the activities in the field with the program at
USAMRIID. In November he participated as a member of the Test
Integration Working Group of the U.S.Army Medical Materiel
Development Activity for the Lassa Fever Immune Plasma Program, which
dis ussed topics pertinent to submission of an IND for Lassa Tmmune
Plasma for Globulin, proposed clinical testing, laboratory
ev.Aluatlon, arid other issues.

In Liberia hc consults with Dr. Aloysius Hdnson, Director of
the LIBR, on matters involving the project there. He also instructs
laboratory a.id medical workers in the Liberian hospitals, and after
evaluating the status of work, helps define new goals for the
Investigations and treatment of LV infections under the terms of the
countract.

Plasmapheres is

Plasmapheresis was conducted during six trips to CLH and four
to PH. For some time attempts had been made to obtain reliable
test ng for Hepatitis B surface antigen (11flsAg), aid cs']t.: f i, lly
('.101f., to hand during the year; three dornors were found antigenemic.
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Except for one LFIP unit fowarded before this Information was at
hand, none of their plasma was sent to USAMRIID. The results of
testing for Human Immunodeficiency Virus (HIV) were also completed;
none of our donors was found positive for this agent. As in former
years attempts were made to forward to USAMRTID only LFTP units with
a Log Neutralization Index (LNI) of at least 0.3. During the latter
part of 1985, some testing of donor specimens for neutralizing
antibodies (NA) was delayed because of the absence of Dr. Peter
Jahrling from USAMRIID. It was not always feasible to postpone
plasmapheresis or shipment of plasma until the results of tests were
at hand.

Two hundred fifty-five units of convalescent plasma were
obtained by plasmapheresis, and 189 forwarded to USAMRIID. Of these,
one was HBsAg positive. Until testing for the LNT of the remaining
units has been completed it is not certain how many will be
acceptable with LNI's over 0.3. (See Table I in the Appendix).

Lassa fever rcas:4 es

The identification of cases of T,F increa.ses knowledge of the
clinical course of the disease, affords opportunities for therapeutic
trial;, and indentifies potential donors of LFTP. For the most part 41
this activity was confined to CLH and PH during the year.

The diagnosis of LF is made by the serological testing of
febrile patients and by attempts at viral Isolation. Again, because
of thu limited capability for viru; lf-olationi at USAMR-ID during the
year norc of the patients at PH were tested virologically, and virus
if;oldtion has been attempted to d3,te in osiy a fraction of the
pit ient a-It CLH.

A:. noted previou:,ly (5) the didgriolois of LF depends upon the
i -olat ion of LV from the serum, or by seroconversion or a fourfold
rlse In antiboay titers in paired specimens by means of the IFA
technique. In some cases in which a single specimen is obtained the
diign)sis of "Possible LF" (PLF) is made If TIA titers are 1:64 or

D,irlnj IIe_ p'rl od through April 30, 1986, 120 febri e patients,
,it CIP, were te:sted serologic.ally for evidence of r,F; it 73 of the-e,
' . .l;' i :. 'it I '. w., ,t.a t 1eipted 1:, well. In all, 13 case.-) of ,F were
Iia'jno:;ed by viru:j i solation aind 11 by ierologic,il c:riteria; ar, A

.,dditional five were considered to be PLF cases because of relatively
high LVA titers. The Incidence of LF among febrile patients; wasi
0.20, 0.24 If Possible LF was included as well. (See Table 2 in the
Append ix)

At PH 252 patients were tested seroloqically through May 11),
1986. Sevet caes of LF .and three of PLF were diagnosed for
lncidenices of 0.03 and 0.04 of LF and combined LF and PLF,
re:-;pF-ctI%,'-ly, amonj 'Aho _c te.t.ud .

7
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Previous work (14) has demonstrated that when both virus
isolation and serological testing are performed on febrile patients,
serological testing alone will detect 73% of LF and PLF cases. It
may be conjectured that if virus isolation had been attempted on all
patients of this series at CLH, 16 cases of LF and PLF would have
been identified in the period following November, 1955, with a total
of 33 and an incidence of 0.28 for the whole 10 months of testing.
Similarly, if virus isolation had been attempted at PH, 14 patients
with LF would likely have been identified there for an incidence of
0.0G.

Passive Immunotherdpy

Through March, 1986, LFIP was administered to nine patients at
CLH. In one, both virological and serological tests were negative
for evidence of LF. In two serological tests were negative and virus
isolation has not yet been attempted; the diagnosis of the illnesses
of these patients is not yet clear.

-ix of the plasma recipients at CLH were confirmed to have had
LF, five by virus Isolation and one by seroconversion. Four were
pregnant; of ther, three died. One had received plasma on the l3ch
day of illness, considered to be too late for LFIP to be effective.
(8). Another adult woman, who was not gravid, and a six-month old
child survived. All IFTP units were from donors who had previously
been found to have relatively high LNI's, and were thus likely
therapeutically effective, though recent LNT levels had riot been %
determined.

During the same period six suspected LF patients were treated
with plasma at PH. Subsequent serological tests did not confirm the
diagnosis of LF in any, and virus isolation has riot been attempted in
theu :-; far. Two were found to be bacteremic by blood cultures
s:arted before plasma infusion but not reported until afterward; of
thes;e, one died. None of the other four expired; one was a pregnant
woman, another, a non-gravid adult woman, and two were chldren.
Again, no tests for LNI's had been done recently on samples of the
donors' plasma.

The sm il] group of patients treated does not permit the
drawlnj of iny conc lu:;Ioris. They will vcenfa.Tlly form ai part of i
larger seri es of patlenl.,, treated by passive jimmunotherapy from whose
u:xper I e :i.n:or cO I tii:. ions m-iy be possible.

Coxrc 1 u,; s on

Prirmaphere:; i; coritinues in the Liberian hospitals, and Jur I
the year permitted the collection of more LFTP than ever before. New
donors are being recruited as cases of LF are discovered among
febrile hospital patients. An adequate supply of convalescent plasma
adequate for the needs of USAMRITD as well as for therapeutic trials
In iberi ,i -e s *is.ur 'd fur the futurc,
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Passive immnotherapy, as well as the trial of ribavirin among
LF patients, using change in levels of viremia as the criterion for
evaluation of results, await the more rapid and accurate diagnosis
of LF which is likely to accompany the use of the ELISA test for
viral antigen. It is expected that this technique will be field-
tested, and it is hoped, come into regular use during the coming
year.
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Appendix Tables.

Table 1. Lassa fever immune plasma units collected July 1985 - June
1986.

Date of Date of IFA LNI# Number of units
Donor illness donation titer* Jos Mac Collected USAMRIID**

DaBa 11/82 5/12/86 16 1.6 2.2 2 2
10/7/85 8 2

YaBu 1/85 6/24/86 ? 2 2

GoCo 3/85 10/30/85 64 2.3 2.8 2
4/23/86 32 2.2 2.2 2 1
6/20/86 16 2 2

HeCo 2/85 4/23/86 32 2 1
6/21/86 8 1 1

01Co 4/85 10/29/85 256 3.1+ 3.6+ 2 1
4/23/86 128 3.1 3.7+ 2 1
6/20/86 64 2 2

DaDo 04/77 10/7/85 ? 0.5 0.5 2 1
3/20/86 - 2 1
5/14/86 8 0.7 0.6 2 2

MaFa 12/5/85 - 0.3 0.3 2 2
4/24/86 - 2 1
6/20/86 - 2 2

KeFN 1983 8/6/85 32 1.0 1.8 2 2
10/8/85 1.2 1.8 2 1
12/2/85 32 1.9 2.1 2 2
3/19/86 16 1.6 1.9 2 1
5/13/86 8 1.5 2.3 2 2
6/25/86 16 2 2

LoFl 01/82 5/14/86 8 1.6 1.9 2 2
6/24/86 4 2 2

JoGa 1976 5/14/86 1.4 1.3 2 2

KIGa 1982 8/8/85 - 0.3 1.5 2 2
3/20/86 8 2 2

JoHo 3/85 6/24/86 4 2 2

12
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Table 1 (cont)

Date of Date of IFA LNI# Number of units

Donor Illness donation titer* Jos Mac Collected USAMRIID**

DaJa 10/84 10/7/85 4 2

12/3/85 ? 2
5/12/86 8 0.6 0.5 2 2

IrJo 02/83 5/13/86 64 3.1+ 3.7+ 2 2

BoKa 10/82 8/8/85 4 0.9 1.3 2 2

12/2/85 4 1.5 1.7 2 1

3/19/86 8 1.9 1.7 2 1

5/12/86 8 2.1 2.6 2 2

6/24/86 8 2 2

JohKe 3/84 10/8/85 8 2

5/14/86 4 1.4 1.6 2 2

MuKe 9/84 6/24/86 - 2 2

JoKo 10/30/85 - 2 1
4/24/86 4 0.3 0.4 2 1

GaKo 10/83 10/8/85 8 3.1+ 3.6+ 2 2

GaKoll 7/83 10/8/85 - 0.6 1.1 2

YaKo 10/81 10/7/85 8 2.5 2.1 2 1
12/4/85 8 1

3/19/86 8 2 2

6/25/86 8 2 2

DaKo 10/81 8/6/85 - 3.1+ 3.64 2 2

KeKo 7/82 10/8/85 16 0.0 2 1

SOKW 10/31/85 - 0.4 0.4 2 1
4/24/86 ? 2

KaMa 03/83 8/6/85 8 3.1+ 2.5 2 2

12/3/85 16 3.11 3.6+ 2 1

3/19/96 8 2 2

5/12/86 16 3.1+ 3.4 2 2
6/24/86 16 2 2

NoMa 11/82 5/13/86 8 3.1+ 2.6 2 2
6/25/86 1.6 2 2

13
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Table 1 (cont)

Date of Date of IFA LNI# Number of units
Donor illness donation titer* Jos Mac Collected USAMRIID**

JoMI 10/30/85 1.6 1.0 2 1
4/24/86 8 2 1
6/21/86 16 2 2

JaMo ? 8/6/85 ? 0.0 0.0 2 1
12/2/85 4 1.4 0.6 2 2
5/12/86 8 0.3 0.6 2 2

CeMu 04/83 3/20/86 128 2 2

DaMu 10/29/85 - 0.2 0.0 2 1
4/23/86 ? 0.3 0.2 2 1
6/20/86 - 2 2

JaMu 5/81 10/31/85 ? 0.3 0.1 2 1

SaPa 10/29/85 - 0.2 0.1 2 1
4/23/86 ? 0.3 0.1 2 1
7/25/86 4 2 2

JoPe 12/5/85 8 1.0 0.8 2 2

ErRi 6/84 8/9/85 1.0 1.7 2 2
10/7/85 128 1.0 1.2 2 1
12/2/85 32 2.5 0.9 2 2
6/25/86 128 2 2

YoSe 3/85 8/6/85 32 1.8 1.7 2 1
10/8/85 32 1

DaSu 01/83 10/7/85 32 0.4 0.5 2 2
3/19/86 8 0.6 0.8 2 1
5/12/86 16 0.6 0.8 2 2

YaTa 9/92 8/8/85 8 0.6 1.4 2 2

JoTo 10/29/85 8 1.1 1.0 2 1
4/24/86 8 2 1
6/20/86 4 2 2

BeTo 2/84 8/6/85 16 1.4 1.7 2 2
12/3/85 16 2 1
5/13/86 32 3.1+ 3.7+ 2 2
6/25/86 128 2 2
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Table 1 (cont)

Date of Date of IFA LNI# Number of units
Donor illness donation titer* Jos Mac Collected USAMRIID**

DaTo@ 03/83 8/6/85 4 2
10/7/85 8 2
12/3/85 8 2
3/19/86 8 2

NoTo 1984 8/8/85 32 3.14 3.6+ 2 2
12/3/85 32 3.1+ 3.6+ 2 1
5/13/86 16 3.1+ 3.7+ 2 2
6/25/86 16 2 2

MaTu 4/24/86 2 1

CaVa 6/81 8/8/85 8 1.8 1.5 2 2
5/13/86 8 2.0 1.9 2 2

YaVa 02/82 8/8/85 0.9 1.1 2 2
12/3/85 8 1.3 1.1 2 1
5/13/86 8 1.0 0.8 2 2

MaVa 10/30/85 ? 2 1
6/20/86 ? 0.5 0.9 2 2

BeVa 8/78 10/7/85 ? 2.6 0.7 2 1
12/2/85 - 0.8 1.0 2 2
3/19/86 ? 1.0 0.9 2 1
6/24/86 ? 2 2

JoVa@ 1976 10/29,185 0.6 0.E 2 1

KIVe 07/83 8/6/85 4 0.9 1.5 2 2
10/8/85 8 0.9 1.5 2 1
12/2/85 16 1.5 1.6 2 2
3/20/86 16 2 1
5/13/86 4 1.2 1.1 2 2
6/25/86 32 2 2

RaVe 12/82 10/8/85 0.0 0.1 2 1
12/2/85 - 0.1 0.8 2 2
3/20/86 2 1
5/13/86 0.4 0.2 2 2
6/25/86 7 1
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Table 1 (conc)

Date of Date of IFA LNI# Number of units
Donor illness donation titer* Jos Mac Collected USAMRIID**

MoWo 04/77 8/6/85 4 2.0 3.6+ 2 2
12/2/85 64 3.1+ 3.6+ 2 2
5/12/86 32 3.1+ 3.6+ 2 2
6/24/86 32 2 2

MaZa 07/82 5/14/86 16 0.9 0.7 2 2

Total 255 189

* Expressed as reciprocals of indirect fluorescent antibody
titers. Tests performed at the LIBR. Reactivity of reagent varies
from batch to batch, and comparisons of values must be made with
caution. Not all tests completed at the time of preparation of the
Annual Summary Report.

# Log Neutralization Index; Josiah (Jos) and Macenta (Mac) strains
of Lassa virus used as reagents. Tests performed at USAMRIID.

** In general, specimens were forwarded to USAMRIID which showed an
LNI of at least 0.3. Some specimens forwarded before LNI had been
determined.

@ Found to be HBsAg positive after r.FTP units had been forwarded to
USAMRTID.



Table 2. Patients with Lassa fever, Curran Lutheran Hospital (CLH)
and Phebe Hospital (PH), July 1, 1985 - April 30, 1986.

Hospital No Lassa Fever Possible Total, Other
tested Virus Serocon- Total LF (High LF and IFA

Isolation Version (Rate) IFA titers possible pos.
LF(Rate)

CLH

7/1/85- 73 13* 4 17 17 5
11/30/85 (0.23) (0.23)

12/1/85- 47 # 7 7 5 12 1
4/30/86 - - (0.15) (0.26)L

Total, 120 13* 11 24 5 29 6
CLH (0.20) (0.24)

PH
7/1/85- 252 # 7 7 3 10 19
5/15/86 (0.03) (0.04)

Virus isolation attempted In specimens from CLH through 11/30/85

N Virus isolation not performed.
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